DRIVING CIRCUIT AND DISPLAY 



Publication number: 
Publication date: 
Inventor(s): 

Applicant(s): 
Classification: 
- international: 



- European: 

Application number: 
Priority number(s): 



EP1 160756 (A1) 
2001-12-05 

KIGO SHIGEO [JP]; SHOJI HIDEHIKO [JP]; HASHIGUCHI 
JUMPEI [JP] 

MATSUSHITA ELECTRIC (ND CO LTD [JP] 

G09G3/20; G09G3/28; H03K17/16; G09G3/20; G09G3/28; 
H02M7/538; H02M7/5387; H03K17/16; H02M1/00; (IPC1- 
7): G09G3/28 

G09G3/28T; G09G3/288D2; H02M7/538; H02M7/5387; 
H02M7/5387C2; H03K17/16B2B2 
EP20000971735 20001 101 

WO2000J P077 1 3 200011 01; JP1 99903 1 7637 1 999 1 1 09; 
JP200001 60080 20000530 



Also published as: ! 

□ EP1 160756 (A4) j 
f3 US6633285 (B1) j 
D TW494376 (B) | 
Q KR20080067016 (A) j 
f] KR20070086469 (A) \ 



D 

1 



mma » 
Cited documents: 

FR2762705(A1) 
JP 11085099 (A) 



Abstract of EP 11 60756 (A1) 
In a circuit driving a capacitive load Cp, current 
passed through a transistor Q3, a diode D1 and a 
recovering coil L is passed through lines L1, L2, and 
the inductance components of the lines L1 and L2, 
and the drain-source capacitances of the transistors 
Q1 and Q2 generate LC resonance. Capacitors C1 
and C2 are connected in parallel to the drain-source 
regions of the transistors Q1 and Q2 to increase the 
total drain-source capacitance and reduce the 
resonance frequency, so that unwanted 
electromagnetic wave radiation in a frequency band 
affecting other electronic devices is suppressed. 
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(54) DRIVING CIRCUIT AND DISPLAY 

(57) in a circuit driving a capacitive load Cp, current 
passed through a transistor Q3 5 a diode D1 and a re- 
covering coil L is passed through lines L1 , L2, and the 
inductance components of the lines L1 and L2, and the 
drain-source capacitances of the transistors Q1 and Q2 
generate LC resonance. Capacitors C1 and C2 are con- 
nected in parallel to the drain-source regions of the tran- 
sistors Q1 and Q2 to increase the total drain-source ca- 
pacitance and reduce the resonance frequency, so that 
unwanted electromagnetic wave radiation in a frequen- 
cy band affecting other electronic devices is sup- 
pressed. 
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Description 

Technical Field 

[0001] The present invention relates to a driving cir- 
cuit to drive a capacitive load with a driving pulse, and 
a display device using the driving circuit. 

Background Art 

[0002] A sustain driver to drive a sustain electrode in 
a plasma display panel for example is known as a con- 
ventional driving circuit to drive a capacitive load. 
[0003] Fig. 13 is a circuit diagram showing the config- 
uration of a conventional sustain driver. As shown in Fig. 
13, the sustain driver 400 includes a recovering capac- 
itor C11 , a recovering coil L11 , switches SW11 , SW12, 
SW21, and SW22, and diodes D11 and D12. 
[0004] The switch SW1 1 is connected between a pow- 
er supply terminal V4 and a node N11 , while the switch 
SW12 is connected between the node N11 and the 
ground terminal. The power supply terminal V4 is pro- 
vided with voltage Vsus. The node N1 1 is connected to 
480 sustain electrodes for example, and in Fig. 13apan- 
el capacitance Cp corresponding to the total capaci- 
tance between a plurality of sustain electrodes and the 
ground terminal is shown. 

[0005] The recovering capacitor C11 is connected be- 
tween a node N1 3 and the ground terminal. The switch 
SW21 and the diode D11 are connected in series be- 
tween the nodes N13 and N12, and the diode D12 and 
the switch SW22 are connected in series between the 
nodes N12 and N13. The recovering coil L11 is connect- 
ed between the nodes N12 and N11. 
[0006] Fig. 14 is a timing chart for use in illustration of 
the operation of the sustain driver 400 in Fig. 1 3 during 
a sustain period. Fig. 14 shows the voltage at the node 
N11 and the operation of the switches SW21, SW11, 
SW22 and SW12in Fig. 13. 

[0007] At first, during the period Ta, the switch SW21 
turns on, and the switch SW12 turns off. At the time, the 
switches SW11 and SW22 are both off. Thus, LC reso- 
nance by the recovering coil L11 and the panel capaci- 
tance Cp causes the voltage at the node N11 to gradu- 
ally rise. During the period Tb, the switch SW21 turns 
off, and the switch SW11 turns on. Thus, the voltage at 
the node N 1 1 abruptly increases, and the voltage at the 
node N11 is fixed at the level of Vsus during the period 
Tc. 

[0008] During the period Td, the switch SW11 turns 
off, and the switch SW22 turns on. Thus, the LC reso- 
nance by the recovering coil L1 1 and the panel capaci- 
tance Cp causes the voltage at the node N11 to gradu- 
ally decrease. Then, during the period Te, the switch 
SW22 turns off, and the switch SW12 turns on. Thus, 
the voltage at the node N1 1 abruptly drops, and is fixed 
at the ground potential level. The above operation is re- 
peated during the sustain period, so that a periodic sus- 



tain pulse Psu is applied to the plurality of sustain elec- 
trodes. 

[0009] As described above, the rising and falling parts 
of the sustain pulse Psu consist of the LC resonance 
5 part during the periods Ta and Td by the operation of the 
switch SW21 or SW22 and edge parts e1 and e2 during 
the periods Tb and Te by the turn-on operation of the 
switch SW11 or SW12. 

[0010] These switches SW11, SW12, SW21 and 
10 SW22 are each composed of an FET (field effect tran- 
sistor) serving as a switching element, and each FET 
has a drain-source capacitance as a parasitic capaci- 
tance, and a line connected to each FET has an induct- 
ance component. Therefore, when the switch SW11 or 
15 the like changes from an off state to an on state, LC res- 
onance is generated by the drain-source capacitance 
and the inductance component of the lines, and the LC 
resonance causes unwanted electromagnetic wave ra- 
diation. 

20 [0011] The diodes D11 and D1 2 each have an anode- 
cathode capacitance as a parasitic capacitance, and a 
line connected to each diode has an inductance com- 
ponent. Therefore, when the switch SW11 or the like 
changes from an off state to an on state, LC resonance 

25 is generated by the anode-cathode capacitance and the 
inductance component of the lines, and the LC reso- 
nance causes unwanted electromagnetic wave radia- 
tion. 

[0012] Furthermore, the drain-source capacitance of 
so each FET, the anode-cathode capacitance of each di- 
ode and the inductance component of each line are 
small, so that the LC resonance frequency is high, and 
the frequency of the resultant electromagnetic wave is 
also high. Meanwhile, according to the standard for un- 
35 wanted radiation defined by the Electrical Appliance and 
Material Control Law (Federal Communications Com- 
mission (FCC) in the United States), a limit value is set 
for an electromagnetic wave having a frequency of 
30MHz or higher. As a result, the radiation of such a high 
^o frequency electromagnetic wave could have an electro- 
magneticaiiy adverse effect on other electronic devices, 
and therefore the radiation of such an unwanted, high 
frequency electromagnetic wave should be suppressed. 

45 Disclosure of the Invention 

[0013] It is an object of the present invention to pro- 
vide a driving circuit allowing unwanted high frequency 
electromagnetic wave radiation to be suppressed and a 

50 display device using the driving circuit. 

[001 4] A driving circuit according to one aspect of the 
present invention outputs a driving pulse to drive a ca- 
pacitive load and includes an electrical circuit connected 
to a pulse supply path for supplying the driving pulse to 

55 the capacitive load, an interconnection portion connect- 
ed to the electrical circuit and a frequency reducing cir- 
cuit for reducing the resonance frequency of LC reso- 
nance by the parasitic capacitance of the electrical cir- 
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cuit and the inductance component of the interconnec- 
tion portion. 

[0015] In the driving circuit, the resonance frequency 
of the LC resonance by the parasitic capacitance of the 
electrical circuit connected to the pulse supply path for 
supplying the driving pulse to the capacitive load and 
the inductance component of the interconnection por- 
tion is reduced, so that the frequency of electromagnetic 
waves generated by the LC resonance can be reduced, 
and unwanted high frequency electromagnetic wave ra- 
diation can be suppressed. 

[0016] The electrical circuit preferably includes a 
switching circuit for applying the driving pulse to the ca- 
pacitive load. 

[0017] In this case, the resonance frequency of the 
LC resonance by the parasitic capacitance of the switch- 
ing circuit for applying the driving pulse to the capacitive 
load and the inductance component of the interconnec- 
tion portion is reduced, so that the frequency of electro- 
magnetic waves generated by the LC resonance can be 
reduced, and unwanted high frequency electromagnetic 
wave radiation can be suppressed. 
[0018] The capacitive load preferably includes a dis- 
charge cell having a plurality of electrodes, and the 
switching circuit preferably includes a sustain pulse 
switching circuit for applying a sustain pulse to the ca- 
pacitive load during a sustain period for lighting the dis- 
charge cell. 

[0019] In this case, the resonance frequency of the 
LC resonance by the parasitic capacitance of the sus- 
tain pulse switching circuit for applying a sustain pulse 
to the capacitive load during a sustain period to light the 
discharge cell and the inductance component of the in- 
terconnection portion is reduced, the frequency of elec- 
tromagnetic waves generated by the LC resonance dur- 
ing the sustain period can be reduced, and unwanted 
high frequency electromagnetic wave radiation can be 
suppressed. 

[0020] The capacitive load preferably includes a dis- 
charge cell having a plurality of electrodes, and the 
switching circuit preferably includes an initialization 
pulse switching circuit for applying an initialization pulse 
to the capacitive load during an initialization period for 
adjusting wall charges at the electrodes of the discharge 
cell. 

[0021] In this case, the resonance frequency of the 
LC resonance by the parasitic capacitance of the initial- 
ization pulse switching circuit for applying an initializa- 
tion pulse to the capacitive load during an initialization 
period for adjusting wall charges at the discharge cell 
and the inductance component of the interconnection 
portion is reduced, so that in the driving circuit for apply 
the initialization pulse, the frequency of electromagnetic 
waves generated by the LC resonance during the sus- 
tain period can be reduced, and unwanted high frequen- 
cy electromagnetic wave radiation can be suppressed. 
[0022] The switching circuit preferably includes a field 
effect transistor. 



[0023] In this case, the resonance frequency of LC 
resonance resulting from the drain-source capacitance 
of the field effect transistor can be reduced. 
[0024] The electrical circuit preferably includes a pro- 
5 tection circuit for preventing overvoltage from being ap- 
plied to other electrical elements. 
[0025] in this case, the resonance frequency of LC 
resonance by the parasitic capacitance of the protection 
circuit for preventing overvoltage from being applied on 
10 other electrical elements and the inductance component 
of the interconnection portion is reduced, so that the fre- 
quency of electromagnetic waves generated by the LC 
resonance can be reduced, and unwanted high frequen- 
cy electromagnetic wave radiation can be suppressed. 
15 [0026] The protection circuit preferably includes a di- 
ode. 

[0027] In this case, the resonance frequency of LC 
resonance resulting from the anode-cathode capaci- 
tance of the diode can be reduced. 
The frequency reducing circuit preferably reduces the 
resonance frequency of the LC resonance to a level less 
than 30MHz. 

[0028] In this case, the resonance frequency of the 
LC resonance is reduced to a level less than 30MHz and 
therefore electromagnetic wave radiation at a frequency 
of 30MHz or higher can be suppressed. 
[0029] The frequency reducing circuit preferably in- 
cludes a capacitive element connected in parallel to the 
electrical circuit. 

[0030] In this case, the capacitance of the capacitive 
element is added in parallel to the parasitic capacitance 
of the electrical circuit, which increases the capacitance 
in the LC resonance path and therefore the resonance 
frequency of the LC resonance can be reduced. 
[0031 ] The driving circuit preferably further includes a 
voltage source for supplying prescribed voltage, and the 
switching circuit preferably has one end connected to 
the voltage source and the other end connected to the 
interconnection portion. 

[0032] In this case, the voltage supplied from the volt- 
age source is applied to the capacitive load through the 
switching circuit and the interconnection portion and the 
capacitive load can be driven by the voltage, so that the 
resonance frequency of the LC resonance can be re- 
duced at the time of application of the driving pulse, and 
unwanted high frequency electromagnetic wave radia- 
tion can be suppressed. 

[0033] Preferably, the voltage source includes a first 
voltage source for supplying first voltage for causing the 
driving pulse to rise and a second voltage source for 
supplying a second voltage lower than the first voltage 
for causing the driving pulse to fall, the switching circuit 
includes a first switching element having one end con- 
nected to the first voltage source and a second switching 
element having one end connected to the second volt- 
age source, the interconnection portion includes a first 
interconnection portion having one end connected to the 
other end of the first switching element and a second 
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interconnection portion having one end connected to the 
other end of the second switching element and the other 
end connected to the other end of the first interconnec- 
tion portion, the frequency reducing circuit includes a 
first capacitive element connected in parallel to the first 
switching element and a second capacitive element 
connected in parallel to the second switching element. 
[0034] In this case, the first voltage can be supplied 
through the first switching element and the first intercon- 
nection portion to cause the driving pulse to rise, and 
the second voltage can be supplied through the second 
switching element and the second interconnection por- 
tion to cause the driving pulse to fall. The capacitance 
in the LC resonance path increases by the first and sec- 
ond capacitive elements, and therefore the resonance 
frequency of the LC resonance by the switching ele- 
ments and the interconnection portion can be reduced. 
As a result, the driving pulse is allowed to rise and fall, 
while the resonance frequency of the LC resonance can 
be reduced, and unwanted high frequency electromag- 
netic wave radiation can be suppressed. 
[0035] Preferably, the driving circuit further includes 
an inductance element having one end connected to the 
capacitive load and a recovering capacitive element for 
recovering charges from the capacitive load, the switch- 
ing circuit includes a one-way conductive element hav- 
ing one end connected to the other end of the induct- 
ance element and a switching element having one end 
connected to the other end of the one-way conductive 
element, the interconnection portion has one end con- 
nected to the other end of the switching element and the 
other end connected to one end of the recovering ca- 
pacitive element, and the frequency reducing circuit in- 
cludes a capacitive element connected in parallel to the 
switching element. 

[0036] In this case, the driving pulse is allowed to rise 
and fall by LC resonance by the inductance element and 
the capacitive load, while charges can be recovered 
from the recovering capacitive element, and therefore 
the power consumption by the driving circuit can be re- 
duced. The capacitance in the LC resonance path in- 
creases by the capacitive element, so that the reso- 
nance frequency of the LC resonance by the switching 
element and the interconnection portion can be re- 
duced, and unwanted high frequency electromagnetic 
wave radiation can be suppressed. 
[0037] Preferably the driving circuit further includes 
an inductance element having one end connected to the 
capacitive load and a recovering capacitive element for 
recovering charges from the capacitive load, the switch- 
ing circuit includes a switching element having one end 
connected to one end of the recovering capacitive ele- 
ment and a one-way conductive element having one 
end connected to the other end of the switching element, 
the interconnection portion has one end connected to 
the other end of the one-way conductive element and 
the other end connected to the other end of the induct- 
ance element, and the frequency reducing circuit in- 



cludes a capacitive element connected in parallel to the 
one-way conductive element. 

[0038] In this case, the driving pulse is allowed to rise 
and fall by the LC resonance by the inductance element 

5 and the capacitive load, while charges can be recovered 
by the recovering capacitive element, so that the power 
consumption by the driving circuit can be reduced. The 
capacitance in the LC resonance path increases by the 
capacitive element, so that the resonance frequency of 

10 the LC resonance by the one-way conductive element 
and the interconnection portion can be reduced and un- 
wanted high frequency electromagnetic wave radiation 
can be suppressed. 

[0039] Preferably, the driving circuit further includes a 

15 voltage source for supplying prescribed voltage, an in- 
ductance element having one end connected to the ca- 
pacitive load, a recovering capacitive element for recov- 
ering charges from the capacitive load and a connection 
circuit for connecting the recovering capacitive element 

20 and the inductance element, the protection circuit in- 
cludes a one-way conductive element having one end 
connected to the voltage source and the other end con- 
nected to one end of the connection circuit on the in- 
ductance element side, and the frequency reducing cir- 

25 cuit includes a capacitive element connected in parallel 
to the one-way conductive element. 
[0040] In this case, the one-way conductive element 
can prevent overvoitage from being supplied to the con- 
nection circuit from the voltage source. The driving pulse 

30 is allowed to rise or fall by LC resonance by the induct- 
ance element and the capacitive load, while charges 
can be recovered from the capacitive load by the recov- 
ering capacitive load, so that the power consumption by 
the driving circuit can be reduced. Furthermore, the ca- 

35 pacitance in the LC resonance path increases by the 
capacitive element, so that the resonance frequency of 
the LC resonance by the one-way conductive element 
and the interconnection portion can be reduced, and un- 
wanted high frequency electromagnetic wave radiation 

40 can be suppressed. 

[0041] A display device according to another aspect 
of the present invention includes a display panel includ- 
ing a plurality of capacitive loads composed of a plurality 
of electrodes and a driving circuit outputting a driving 

45 pulse to drive the capacitive load in the display panel, 
the driving circuit includes an electrical circuit connected 
to a pulse supply path for supplying the driving pulse to 
the capacitive load, an interconnection portion connect- 
ed to the electrical circuit and a frequency reducing cir- 

50 cuit for reducing the resonance frequency of LC reso- 
nance by the parasitic capacitance of the electrical cir- 
cuit and the inductance component of the interconnec- 
tion portion. 

[0042] In the display device, the resonance frequency 
55 of the LC resonance by the parasitic capacitance of the 
electrical circuit connected to the pulse supply circuit for 
supplying the driving pulse to the capacitive load and 
the inductance component of the interconnection por- 
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tion is reduced, so that if the plurality of capacitive loads 
in the display panel are driven, unwanted high frequency 
electromagnetic wave radiation from the driving circuit 
can be suppressed and unwanted high frequency elec- 
tromagnetic waves generated by the display device can 
be suppressed from being radiated. 
[0043] The electrical circuit preferably includes a 
switching circuit for applying the driving pulse to the ca- 
pacitive load. 

[0044] In this case, the resonance frequency of the 
LC resonance by the parasitic capacitance of the switch- 
ing circuit for applying the driving pulse to the capacitive 
load and the inductance component of the interconnec- 
tion portion is reduced, so that the frequency of electro- 
magnetic waves generated by the LC resonance can be 
reduced and unwanted high frequency electromagnetic 
wave radiation can be suppressed. 
[0045] The capacitive load preferably includes a dis- 
charge cell composed of the plurality of electrodes, and 
the switching circuit preferably includes a sustain pulse 
switching circuit for applying a sustain pulse to the ca- 
pacitive load during a sustain period for lighting the dis- 
charge cell. 

[0046] In this case, the resonance frequency of the 
LC resonance by the parasitic capacitance of the sus- 
tain pulse switching circuit for applying a sustain pulse 
to the capacitive load during a sustain period for lighting 
the discharge cell and the inductance component of the 
interconnection portion is reduced, so that the frequency 
of electromagnetic waves generated by the LC reso- 
nance during the sustain period can be reduced, and 
unwanted high frequency electromagnetic wave radia- 
tion from the display device can be suppressed. 
[0047] The capacitive load preferably includes a dis- 
charge cell composed of the plurality of electrodes, and 
the switching circuit preferably includes an initialization 
pulse switching circuit for applying an initialization pulse 
to the capacitive load during an initialization period for 
adjusting wall charges at the electrodes of the discharge 
cell. 

[0048] In this case, the resonance frequency of the 
LC resonance by the parasitic capacitance of the initial- 
ization pulse switching circuit for applying an initializa- 
tion pulse to the capacitive load during an initialization 
period for adjusting wall charges at the electrodes of the 
discharge cell and the inductance component of the in- 
terconnection portion is reduced, so that in the driving 
circuit for applying the initialization pulse, the frequency 
of electromagnetic waves generated by the LC reso- 
nance during a sustain period can be reduced, and un- 
wanted high frequency electromagnetic wave radiation 
can be suppressed. 

[0049] The electrical circuit preferably includes a pro- 
tection circuit for preventing an overvoltage from being 
applied to other electrical elements. 
[0050] In this case, the resonance frequency of the 
LC resonance by the parasitic capacitance of the pro- 
tection circuit for preventing an overvoltage from being 



8 

applied on other electrical elements and the inductance 
component of the interconnection portion is reduced, so 
that the frequency of electromagnetic waves generated 
by the LC resonance can be reduced and unwanted high 
5 frequency electromagnetic wave radiation generated by 
the display device can be suppressed. 
[0051] The frequency reducing circuit reduces the 
resonance frequency of the LC resonance to a level less 
than 30MHz. 

10 [0052] In this case, the resonance frequency of the 
LC resonance is reduced to a level less than 30MHz and 
therefore electromagnetic wave radiation at 30 MHz or 
higher generated by the display device can be sup- 
pressed. 

15 

Brief Description of the Drawings 
[0053] 

Fig. 1 is a block diagram showing the configuration 
of a plasma display device using a sustain driver 
according to a first embodiment of the present in- 
vention; 

Fig. 2 is a timing chart showing an example of driv- 
ing voltage for a scan electrode and a sustain elec- 
trode in the PDP shown in Fig. 1 ; 
Fig. 3 is a circuit diagram showing the configuration 
of the sustain driver shown in Fig. 1 according to 
the first embodiment of the present invention; 
Fig. 4 is a graph representing the relation of the 
drain-source voltage and capacitance between the 
case of connecting a capacitor to the drain-source 
region of an FET and the case of not connecting the 
capacitor; 

Fig. 5 is a graph representing the relation between 
the radiation level and the frequency of an electro- 
magnetic wave emitted from the plasma display de- 
vice shown in Fig. 1 ; 

Fig. 6 is a circuit diagram showing the configuration 
of a sustain driver according to a second embodi- 
ment of the present invention; 
Fig. 7 is a timing chart for use in illustration of the 
operation of the sustain driver in Fig. 6 during a sus- 
tain period; 

Fig. 8 is a circuit diagram showing the configuration 
of a sustain driver according to a third embodiment 
of the present invention; 

Fig. 9 is a circuit diagram showing the configuration 
of a sustain driver according to a fourth embodiment 
of the present invention; 

Fig. 1 0 is a timing chart for use in illustration of the 
operation of the sustain driver in Fig. 9 during a sus- 
tain period; 

Fig. 11 is a circuit diagram showing the configura- 
tion of a sustain driver according to a fifth embodi- 
ment of the present invention; 
Fig. 12 is a circuit diagram showing the configura- 
tion of a scan driver according to a sixth embodi- 
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ment of the present invention; 
Fig. 13 is a circuit diagram showing the configura- 
tion of a conventional sustain driver; and 
Fig. 14 is a timing chart for use in illustration of the 
operation of the sustain driver in Fig. 13 during a 
sustain period. 

Best Modes for Carrying Out the Invention 

[0054] A sustain driver used in a plasma display de- 
vice will be now described as an example of a driving 
circuit according to the present invention. Note that the 
driving circuit according to the present invention may 
similarly be applied to any other devices driving a ca- 
pacitive load, for example as a driving circuit for a dis- 
play such as a plasma display panel, a liquid crystal dis- 
play, and an electroluminescence display. The driving 
circuit according to the present invention may be applied 
to a driving circuit for plasma display panels of both AC 
and DC types, and is applicable to a driving circuit for 
any of an address electrode, a sustain electrode, and a 
scan electrode, while it can suitably be applied to a driv- 
ing circuit for a sustain electrode or a scan electrode. 
[0055] Fig. 1 is a block diagram showing the configu- 
ration of a plasma display device using a sustain driver 
according to a first embodiment of the present invention. 
[0056] The plasma display device in Fig. 1 includes a 
PDP (plasma display panel) 1, a data driver 2, a scan 
driver 3, a plurality of scan driver ICs (circuits) 3a and a 
sustain driver 4. 

[0057] The PDP 1 includes a plurality of address elec- 
trodes (data electrodes) 11, a plurality of scan elec- 
trodes 12, and a plurality of sustain electrodes 13. The 
plurality of address electrodes 11 are arranged in the 
vertical direction on the screen, while the plurality of 
scan electrodes 12 and the plurality of sustain elec- 
trodes 1 3 are arranged in the horizontal direction on the 
screen. The plurality of sustain electrodes 13 are con- 
nected together. A discharge cell is formed at each of 
the intersecting points of the address electrodes 11 , the 
scan electrodes 12 and the sustain electrodes 13 and 
each discharge cell forms a pixel on the screen. 
[0058] The data driver 2 is connected to the plurality 
of address electrodes 11 in the PDP 1 . The plurality of 
scan driver ICs 3a are connected to the scan driver 3. 
The scan driver ICs 3a are connected with the plurality 
of scan electrodes 12 in the PDP 1 . The sustain driver 
4 is connected with the plurality of sustain electrodes 1 3 
in the PDP 1. 

[0059] The data driver 2 applies a writing pulse to a 
corresponding address electrode 11 in PDP 1 based on 
image data during a writing period. The plurality of scan 
driver ICs 3a are driven by the scan driver 3 to sequen- 
tially apply the writing pulse to the plurality of scan elec- 
trodes 1 2 in PDP 1 during the writing period while shift- 
ing a shift pulse SH in the vertical scanning direction. 
Thus, address discharge takes place at a corresponding 
discharge cell. 



[0060] The plurality of scan driver ICs 3a apply a pe- 
riodic sustain pulse to the plurality of scan electrodes 1 2 
in the PDP 1 during a sustain period. Meanwhile, the 
sustain driver 4 applies sustain pulse 1 80° out of phase 

5 with the sustain pulse to the scan electrode 12 to the 
plurality of sustain electrodes 13 in the PDP 1 at a time 
during a sustain period. Thus, sustain discharge takes 
place at a corresponding discharge cell. 
[0061] Fig. 2 is a timing chart showing an example of 

10 the driving voltage at the scan electrode 1 2 and the sus- 
tain electrode 1 3 in the PDP 1 in Fig. 1 . 
[0062] During an initialization/writing period, an initial- 
ization pulse (setup pulse) Pset is applied to the plurality 
of scan electrodes 12 at a time. Thereafter, a writing 

15 pulse Pw is sequentially applied to the plurality of scan 
electrodes 12. Thus, address discharge takes place at 
a corresponding discharge cell in the PDP 1 . 
[0063] Then during a sustain period, a sustain pulse 
Psc is periodically applied to the plurality of scan elee- 

20 trodes 12, and the sustain pulse Psu is periodically ap- 
plied to the plurality of sustain electrodes 13. The phase 
of the sustain pulse Psu is 1 80° shifted from the phase 
of the sustain pulse Psc. Thus, sustain discharge takes 
place following the address discharge. 

25 [0064] The sustain driver 4 shown in Fig. 1 will be now 
described. Fig. 3 is a circuit diagram showing the con- 
figuration of the sustain driver 4 in Fig. 1. 
[0065] The sustain driver 4 in Fig. 3 includes n-chan- 
nel type FETs (field effect transistors; hereinafter simply 

30 as "transistors") Q1 to Q4 as switching elements, capac- 
itors C1 and C2, a recovering capacitor Cr, a recovering 
coil L and diodes D1 and D2. 

[0066] The transistor Q1 has one end connected to a 
power supply terminal V1 and the other end connected 

35 to a node N1 through a line L1 , and is provided with a 
control signal S1 as an input at its gate. The transistor 
Q1 has a drain-source capacitance CP1 as a parasitic 
capacitance, and the capacitor C1 is connected in par- 
allel to the drain-source region of the transistor Q1 . The 

40 voltage Vsus is applied to the power supply terminal V1 . 
[0067] The transistor Q2 has one end connected to 
the node N1 through a line L2 and the other end con- 
nected to the ground terminal and is provided with a con- 
trol signal S2 as an input at its gate. The transistor Q2 

45 has a drain-source capacitance CP2 as a parasitic ca- 
pacitance and the capacitor C2 is connected in parallel 
to the drain-source region of the transistor Q2. 
[0068] The node N1 is connected to 480 sustain elec- 
trodes 13 for example, while in Fig. 3 a panel capaci- 

50 tance Cp corresponding to the total capacitance be- 
tween the plurality of sustain electrodes 13 and the 
ground terminal is shown. 

[0069] The recovering capacitor Cr is connected be- 
tween a node N3 and the ground terminal. The transistor 
55 Q3 and the diode D1 are connected in series between 
the nodes N3 and N2. The diode D2 and transistor Q4 
are connected in series between the nodes N2 and N3. 
A control signal S3 is input to the gate of the transistor 
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Q3, while a control signal S4 is input to the gate of the 
transistor Q4. The recovering coil L is connected be- 
tween the nodes N2 and N1. 

[0070] According to the embodiment, the transistors 
Q1 and Q2 correspond to the electrical circuit, the 5 
switching circuit and the sustain pulse switching circuit, 
the lines L1 and L2 to the interconnection portion, the 
capacitors C1 and C2 to the frequency reducing circuit, 
and the power supply terminal V1 and the ground ter- 
minal to the voltage source. The transistor Q1 corre- 
sponds to the first switching element, the transistor Q2 
to the second switching element, the line L1 to the first 
interconnection portion, the line L2 to the second inter- 
connection portion, the capacitor C1 to the first capaci- 
tive element, the capacitor C2 to the second capacitive 
element, the power supply terminal V1 to the first volt- 
age source and the ground terminal to the second volt- 
age source. 

[0071] The operation of the sustain driver 4 having the 
above-described configuration during a sustain period 
will be now described. 

[0072] When the control signal S2 attains a low level, 
the transistor Q2 turns off, while when the control signal 
S3 attains a high level, the transistor Q3 turns on. At the 
time, the control signal S1 is at a low level, and the tran- 
sistor Q1 is in an off state, while the control signal S4 is 
at a low level, and the transistor Q4 is in an off state. 
Therefore, the recovering capacitor Cr is connected to 
the recovering coil L through the transistor Q3 and the 
diode D1 , and LC resonance by the recovering coil L 
and the panel capacitance Cp causes the voltage at the 
node N1 to gradually rise. At the time, charges from the 
recovering capacitor Cr are discharged to the panel ca- 
pacitance Cp through the transistor Q3, the diode D1 
and the recovering coil L. 

[0073] Also at this time, current passed across the 
transistor Q3, the diode D1 and the recovering coil L 
comes not only into the panel capacitance Cp but also 
to the drain-source capacitance CP1 of the transistor Q1 
and the capacitor C1 through the line L1 and to the drain- 
source capacitance CP2 of the transistor Q2 and the ca- 
pacitor C2 through the line L2. Therefore, the induct- 
ance components of the lines L1 and L2 and the drain- 
source capacitances CP1 and CP2 of the transistor Q1 
and Q2 and the capacitors C1 and C2 generate LC res- 
onance. 

[0074] However in the embodiment, the capacitance 
contributing to the LC resonance is a capacitance pro- 
duced by adding the source-drain capacitances CP1 
and CP2 and the capacitors C1 and C2, and therefore 
the resonance frequency is lower than the resonance 
frequency only by the drain-source capacitances CP1 
and CP2. More specifically, the capacitances of the ca- 
pacitors C1 and C2 are set to be for example about five 
to ten times as much as those of the drain-source ca- 
pacitances CP1 and CP2 of the transistors Q1 and Q2 
so that the resonance frequency of the LC resonance is 
less than 30MHz. 



[0075] Now, a capacitor with 2000pF is connected in 
parallel to the drain-source region of an FET and the 
relation between the drain-source capacitance and the 
drain-source voltage will be described. Fig. 4 is a graph 
representing the relation between the drain-source ca- 
pacitance Cds (pF) and the drain-source voltage Vds 
(V), showing the case of connecting the capacitor with 
2000pF in parallel to the FET and the case of not con- 
necting. In Fig. 4, the case of not connecting the capac- 
itor with 2000 pF to the drain-source region of the FET 
is denoted by the broken line and the case of connecting 
the capacitor with 2000 pF in parallel is denoted by the 
solid line. 

[0076] As shown in Fig. 4, when the capacitor with 
2000pF is connected in parallel to the source-drain re- 
gion of the FET, the drain-source capacitance Cds in- 
creases as compared to the case of not connecting. In 
the embodiment, the drain-source voltage Vds in the 
transistors Q1 and Q2 in Fig. 3 is about 200V, and the 
capacitor with 2000pF is connected in parallel to the 
drain-source region of each of the transistors Q1 and 
Q2, so that the drain-source capacitance Cds in each of 
the transistors Q1 and Q2 is about ten times higher than 
that in the case of not connecting the capacitor. 
[0077] As described above, the capacitors C1 and C2 
are connected in parallel to the drain-source regions of 
the transistors Q1 and Q2, respectively, so that the res- 
onance frequency of the LC resonance generated at the 
time of transition of the transistor Q3 from an off state 
to an on state by the inductance components of the lines 
L1 and L2 and the drain-source capacitances CP1 and 
CP2 in the transistors Q1 and Q2 and the capacitors C1 
and C2 is less than 30MHz and therefore, unwanted 
electromagnetic wave radiation at 30MHz or higher is 
suppressed. 

[0078] Then, the control signal S1 attains a high level, 
which turns on the transistor Q1 , and the control signal 
S3 attains a low level, which turns off the transistor Q3. 
Therefore, the node N1 is connected to the power sup- 
ply terminal V1 and the voltage at the node N1 abruptly 
increases, and is fixed at the level of the voltage Vsus. 
[0079] At the time, current passed from the power 
supply terminal V1 through the transistor Q1 comes not 
only into the panel capacitance Cp but also into the 
drain-source capacitance CP2 of the transistor Q2 and 
the capacitor C2 through the lines L1 and L2. Therefore, 
the inductance components of the lines L1 and L2, and 
the drain-source capacitance CP2 of the transistor Q2 
and the capacitor C2 generate LC resonance. 
[0080] Also in this case, similarly to the above, the ca- 
pacitance contributing to the LC resonance is produced 
by adding the drain-source capacitance CP2 and the ca- 
pacitor C2 and therefore, the resonance frequency of 
the LC resonance by the inductance components of the 
lines L1 and L2 and the drain-source capacitance CP2 
of the transistor Q2 and the capacitor C2 generated at 
the time of the transition of the transistor Q1 from an off 
state to an on state is less than 30MHz, so that unwant- 
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ed electromagnetic wave radiation at 30MHz or higher 
is suppressed. 

[0081] Then, the control signal S1 attains a low level, 
which turns off the transistor Q1 , while the control signal 
S4 attains a high level, which turns on the transistor Q4. 
As a result, the recovering capacitor Cr is connected to 
the recovering coil L through the diode D2 and the tran- 
sistor Q4, and LC resonance by the recovering coll L 
and the panel capacitance Cp causes the voltage at the 
node N1 to be gradually reduced. At the time, charges 
accumulated at the panel capacitance Cp are stored in 
the recovering capacitor Cr through the recovering coil 
L, the diode D2 and the transistor Q4 for recovering the 
charges. 

[0082] Also at this time, cu rrent passed from the panel 
capacitance Cp comes not only into the recovering ca- 
pacitance Cr through the recovering coil L, the diode D2 
and the transistor Q4, but also into the drain-source ca- 
pacitances CP1 and CP2 of the transistors Q1 and Q2 
and the capacitors C1 and C2 through the lines L1 and 
L2. Therefore, the inductance components of the lines 
L1 and L2 and the drain-source capacitances CP1 and 
CP2 of the transistors Q1 and Q2 and the capacitors C1 
and C2 generate LC resonance. 
[0083] Also in this case, similarly to the above case, 
the capacitance contributing to the LC resonance is pro- 
duced by adding the drain-source capacitances CP1 
and CP2 and the capacitors C1 and C2, and therefore 
the resonance frequency of the LC resonance generat- 
ed at the time of transition of the transistor Q4 from an 
off state to an on state by the inductance components 
of the lines L1 and L2 and the drain-source capacitances 
CP1 and CP2 of the transistors Q1 and Q2 and the ca- 
pacitors C1 and C2 is less than 30MHz, so that unwant- 
ed electromagnetic wave radiation at 30MHz or higher 
is suppressed. 

[0084] Then, the control signal S2 attains a high level, 
which turns on the transistor Q2, while the control signal 
S4 attains a low level, which turns off the transistor Q4. 
Therefore, the node N1 is connected to the ground ter- 
minal and the voltage atthe nodeNI abruptly drops and 
is fixed at the level of the ground potential. 
[0085] At the time, current passed to the ground ter- 
minal through the transistor Q2 comes not only from the 
panel capacitance Cp, but also from the drain-source 
capacitance CP1 of the transistor Q1 and the capacitor 
C1 through the lines L1 and L2. Therefore, the induct- 
ance components of the lines L1 and L2 and the drain- 
source capacitance CP1 and the capacitor C1 generate 
LC resonance. 

[0086] Also in this case, similarly to the above, the ca- 
pacitance contributing to the LC resonance is produced 
by adding the drain-source capacitance CP1 and the ca- 
pacitor C1 , and the resonance frequency of LC reso- 
nance by the inductance components of the lines L1 and 
L2 and the drain-source capacitance CP1 of the transis- 
tor Q1 and the capacitor C1 generated at the time of 
transition of the transistor Q2 from an off state to an on 



state is less than 30M Hz, so that unwanted electromag- 
netic wave radiation at 30MHz or higher is suppressed. 
[0087] The above operation is repeated during a sus- 
tain period, so that a sustain pulse Psu having a wave- 

5 form identical to the conventional sustain pulse Psu in 
Fig. 14 is periodically applied to the plurality of sustain 
electrodes 13 and unwanted electromagnetic wave ra- 
diation at 30MHz or higher is suppressed. 
[0088] The radiation level reducing effect in the above 

10 parallel connection arrangement of transistors Q1 and 
Q2 and capacitors C1 and C2 will be now described. 
Fig. 5 is a graph representing the relation between the 
radiation level and the frequency of electromagnetic 
waves emitted from the plasma display device shown in 

*5 Fig. 1 . In Fig. 5, the case of connecting the capacitors 
C1 and C2 in parallel to the drain-source regions of the 
transistors Q1 and Q2, respectively is represented by 
the solid line, while the case of not connecting the ca- 
pacitors C1 and C2 is represented by the broken line. 

20 [0089] As can be seen from Fig. 5, when the capaci- 
tors C1 and C2 are not connected, the radiation level of 
electromagnetic waves is at the peak at a frequency fO 
higher than 30MHz, and the radiation level of the elec- 
tromagnetic wave at 30MHz or more is high. Meanwhile, 

25 when the capacitors C1 and C2 are connected in parallel 
to the drain-source regions of the transistors Q1 and Q2, 
the resonance frequency is reduced from fO to f1 , and 
the peak is located at f1 lower than 30 MHz. Therefore, 
the radiation level of electromagnetic waves at 30MHz 

30 or higher can be sufficiently reduced and unwanted high 
frequency electromagnetic wave radiation at 30MHz or 
higher can sufficiently be suppressed. 
[0090] As described above, according to the embod- 
iment, since the capacitors C1 and C2 are connected in 

35 parallel to the drain-source regions of the transistors Q1 
and Q2, the resonance frequency of LC resonance gen- 
erated at the time of the transition of the transistors Q1 
to Q4 from an off state to an on state can be shifted to 
a low frequency less than 30MHz. As a result, high fre- 

40 quency electromagnetic wave radiation at 30MHz or 
higher can be suppressed. 

[0091] Other sustain drivers used as the sustain driver 
4 in Fig. 1 will be now described. Fig. 6 is a circuit dia- 
gram showing the configuration of a sustain driver ac- 

45 cording to a second embodiment of the invention. 

[0092] The sustain driver 4a in Fig. 6 is different from 
the sustain driver 4 in Fig. 3 in that the capacitors C1 
and C2 are not provided, and there are additional ca- 
pacitors C3 and C4 connected in parallel to the transis- 

50 tors Q3 and Q4. The other part is the same as that of 
the sustain driver 4 shown in Fig. 3, and therefore the 
same portions are denoted by the same reference char- 
acters and are not detailed. 

[0093] As shown in Fig. 6, the capacitor C3 is con- 
55 nected in parallel to the drain-source region of the tran- 
sistor Q3, while the capacitor C4 is connected in parallel 
to the drain-source region of the transistor Q4. The tran- 
sistor Q3 has one end connected tothe node N3 through 
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the line L3, while the transistor Q4 has one end connect- 
ed to the node N3 through the line L4. Note that the lines 
L3 and L4 generically represent all the lines at the drain- 
source regions of the transistors Q3 and Q4. The tran- 
sistor Q3 has a drain-source capacitance CP3 as a par- 5 
asitic capacitance, and the transistor Q4 has a drain- 
source capacitance CP4 as a parasitic capacitance. The 
diode D1 has an anode-cathode capacitance CPS as a 
parasitic capacitance, and the diode D2 has an anode- 
cathode capacitance CP6 as a parasitic capacitance. 
[0094] According to the embodiment, the transistors 
Q3 and Q4 correspond to the electrical circuit, the 
switching circuit and the sustain pulse switching circuit, 
the lines L3 and L4 to the interconnection portion, the 
capacitors C3 and C4 to the frequency reducing circuit, 
the recovering coil L to the inductance element, the re- 
covering capacitor Cr to the recovering capacitive ele- 
ment, the diodes D1 and D2 to the one-way conductive 
element, and the transistors Q3 and Q4 to the switching 
element. 

[0095] The operation of the sustain driver 4a having 
the above configuration during a sustain period will be 
now described. Fig. 7 is a timing chart for use in illustra- 
tion of the operation of the sustain driver 4a shown in 
Fig. 6 during a sustain period. In Fig. 7, the control sig- 
nals S1 to S4 input to the transistors Q1 to Q4 and the 
voltages at the nodes N1 to N3 are given. Note that the 
sustain driver 4a in Fig. 6 operates basically similarly to 
the sustain driver 4 shown in Fig. 3, and therefore only 
the different features such as the mechanism of how LC 
resonance is generated will be described in detail. 
[0096] LC resonance by the drain-source capacitance 
CP4 of the transistor Q4 and the inductance component 
of the line L4 is generated when the transistor Q4 is in 
an off state and there is an abrupt voltage change at the 
drain-source region of the transistor Q4. More specifi- 
cally, the LC resonance by the drain-source capacitance 
CP4 of the transistor Q4 and the inductance component 
of the line L4 is generated at time t1 and t2 shown in 
Fig. 7. 

[0097] At time t1 , the control signal S3 attains a high 
level, which turns on the transistor Q3, and at the instant 
the voltage at the node N2 rises from 0V to the level of 
about Vsus/2, i.e., the potential at the node N3, the LC 
resonance is generated. Atthetime, high frequency cur- 
rent is let to pass from the node N2 to the node N3 
through the anode-cathode capacitance CP6 of the di- 
ode D2, the drain-source capacitance CP4 of the tran- 
sistor Q4 and the line L4. Therefore, high frequency LC 
resonance is generated by the drain-source capaci- 
tance CP4 of the transistor Q4 and the inductance com- 
ponent of the line L4, and a resultant high frequency 
electromagnetic wave is radiated. 
[0098] At time t2, the potential at the node N1 starts 
to be reduced from the peak voltage by LC resonance 
by the recovering coil L and the panel capacitance Cp, 
and when the direction of current flow through the re- 
covering coil L is reversed toward the node N2 from the 



direction toward the node N1 , the diode D1 is turned off, 
thus cutting off the current path, so that the potential at 
the node N2 abruptly starts to increase toward the po- 
tential level at the node N1 . At the time, the floating ca- 
pacitance connected to the node N2 such as the anode- 
cathode capacitance CPS of the diode D1 and the re- 
covering coil L generate LC resonance and at the instant 
the potential atthe node N2 increases while ringing, high 
frequency LC resonance is generated. 
[0099] At the time, the diode D2 turns on and high fre- 
quency current is let to flow from the node N2 to the 
node N3 through the drain-source capacitance CP4 of 
the transistor Q4 and the line L4. Therefore, the drain- 
source capacitance CP4 of the transistor Q4 and the in- 
ductance component of the line L4 generate high fre- 
quency LC resonance, and a resultant high frequency 
electromagnetic wave is radiated. 
[0100] However, according to the embodiment, the 
capacitor C4 is connected in parallel to the transistor 
Q4, and therefore the capacitance contributing to the LC 
resonance by the drain-source capacitance CP4 of the 
transistor Q4 and the inductance component of the line 
L4 is produced by adding the drain-source capacitance 
CP4 of the transistor Q4 and the capacitor C4. As a re- 
sult, the resonance frequency is lower than the reso- 
nance frequency only by the drain-source capacitance 
CP4. More specifically, the capacitance of the capacitor 
C4 is set so that the resonance frequency of the LC res- 
onance is less than 30MHz and unwanted electromag- 
netic wave radiation at 30MHz or higher is suppressed. 
[0101] LC resonance by the drain-source capacitance 
CPS of the transistor Q3 and the inductance component 
of the line L3 is generated when the transistor Q3 is in 
an off state and there is an abrupt voltage change at the 
drain-source region of the transistor Q3. More specifi- 
cally, the LC resonance by the drain-source capacitance 
CP3 and the inductance component of the line L3 is gen- 
erated at time t3 and t4 in Fig. 7. 
[0102] At time t3. as the power recovering period at 
the rising of the sustain pulse Psu is over, the control 
signal S1 attains a high level, which turns on the tran- 
sistor Q1 and the voltage Vsus at the power supply ter- 
minal V1 is applied on the node N2, the control signal 
S4 attains a high level, which turns on the transistor Q4 ; 
so that the LC resonance is generated at the instant the 
potential at the node N2 falls from Vsus to about Vsus/ 
2, i.e., the potential atthe node N3, 
[0103] Atthetime, high frequency current is let to flow 
from the node N3 to the node N2 through the line L3, 
the drain-source capacitance CP3 of the transistor Q3 
and the anode-cathode capacitance CP5 of the diode 
D1. Therefore, high frequency LC resonance is gener- 
ated by the drain -source capacitance CP3 of the tran- 
sistor Q3 and the inductance component of the line L3 ( 
and a resultant high frequency electromagnetic wave is 
radiated. 

[0104] At time t4, as the power recovering period at 
the falling of the sustain pulse Psu is over, the direction 
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of the current flow through the recovering coil L is re- 
versed toward the node N1 from the direction toward the 
node N2, which turns off the diode 02, thus cutting off 
the current path and the potential at the node N2 abrupt- 
ly drops to the potential level at the node N1 . At the time, 
the floating capacitance connected to the node N2 such 
as the anode-cathode capacitance CP6 of the diode D2 
and the recovering coil L generate LC resonance, and 
high frequency LC resonance results at the instant the 
potential at the node N2 drops while ringing, 
[0105] At the time, the diode D1 turns on, and high 
frequency current is let to flow from the node N3 to the 
node N2 through the line L3 and the drain-source ca- 
pacitance CP3 of the transistor Q3. Therefore, high fre- 
quency LC resonance is generated by the drain-source 
capacitance CP3 of the transistor Q3 and the induct- 
ance component of the line L3, and a resultant high fre- 
quency electromagnetic wave is radiated. 
[0106] However, according to the embodiment, the 
capacitor C3 is connected in parallel to the transistor 
Q3, so that the capacitance contributing to the LC res- 
onance by the drain-source capacitance CP3 of the 
transistor Q3 and the inductance component of the line 
L3 is produced by adding the drain-source capacitance 
CP3 of the transistor Q3 and the capacitor C3, and 
therefore, the resonance frequency is lower than the 
resonance frequency only by the drain-source capaci- 
tance CP3. More specifically, the capacitance of the ca- 
pacitor C3 is set so that the resonance frequency of the 
LC resonance is less than 30MHz, and unwanted elec- 
tromagnetic wave radiation at 30MHz or higher is sup- 
pressed. 

[01 07] As described above, also according to the em- 
bodiment, since the capacitors C3 and C4 are connect- 
ed in parallel to the drain-source regions of the transis- 
tors Q3 and Q4, the resonance frequency of the LC res- 
onance generated by the inductance components of the 
lines L3 and L4 and the drain-source capacitances CP3 
and CP4 of the transistors Q3 and Q4 can be shifted to 
a low frequency level less than 30MHz. As a result, high 
frequency electromagnetic wave radiation at 30MHz or 
higher can be suppressed. 

[0108] Fig. 8 is a circuit diagram showing the config- 
uration of a sustain driver according to a third embodi- 
ment of the present invention. 

[01 09] The sustain driver 4b in Fig. 8 is different from 
the sustain driver 4 in Fig. 3 in that the capacitors C1 
and C2 are not provided and that there are additional 
capacitors C5 and C6 connected in parallel to the diodes 
D1 and D2. The other part is the same as that of the 
sustain driver 4 in Fig. 3 and therefore the same portions 
are denoted by the same reference characters and are 
not detailed. 

[0110] As shown in Fig. 8, the capacitor C5 is con- 
nected in parallel to the anode-cathode region of the di- 
ode D1 , and the capacitor C6 is connected in parallel to 
the anode-cathode region of the diode D2. The cathode 
of the diode D1 is connected to the node N2 through the 



line L5, and the anode of the diode D2 is connected to 
the node N2 through the line L6. The diode D1 has an 
anode-cathode capacitance CP5 as a parasitic capaci- 
tance, and the diode D2 has an anode-cathode capac- 

5 itance CP6 as a parasitic capacitance. Note that the 
transistors Q3 and Q4 have parasitic capacitances CP3 
and CP4 similarly to the second embodiment. 
[0111] According to the embodiment, the diodes D1 
and D2 correspond to the electrical circuit, the switching 

10 circuit and the sustain pulse switching circuit, the lines 
L5 and L6 to the interconnection portion, the capacitors 
C5 and C6 to the frequency reducing circuit, the recov- 
ering coil L to the inductance element, the recovering 
capacitor Cr to the recovering capacitive element, the 

15 diodes D1 and D2 to the one-way conductive element 
and the transistors Q3 and Q4 to the switching element. 
[0112] The operation of the sustain driver 4b having 
the above-described configuration during a sustain pe- 
riod will be now described. Note that the sustain driver 

20 4b shown in Fig. 8 operates basically similarly to the sus- 
tain drivers 4 and 4a in Figs. 3 and 6, respectively and 
therefore only different features such as the mechanism 
of how LC resonance is generated will be described in 
detail. 

25 [0113] LC resonance by the anode-cathode capaci- 
tance CP5 of the diode D1 and the inductance compo- 
nent of the line L5 is generated when the diode D1 is in 
an off state, and there is an abrupt voltage change at 
the anode-cathode region of the diode D1 . More specif- 
ic ically, at time t2 and t3 in Fig. 7, the LC resonance by 
the anode-cathode capacitance CPS and the induct- 
ance component of the line L5 is generated. 
[0114] At time t2, as the control signal S3 is at a high 
level, which turns on the transistor Q3, and the potential 
35 at the node N2 is at about the same level as Vsus/2, i. 
e., about the potential level at the node N3, the potential 
at the node N1 starts to be reduced from the peak volt- 
age by LC resonance by the recovering coil L and the 
panel capacitance Cp. When the direction of the current 
40 flow through the recovering coil L is reversed toward the 
node N2 from the direction toward the node N1 , the di- 
ode D1 is turned off, thus cutting off the current path, 
and the potential at the node N2 is abruptly raised to- 
ward the level of the potential at the node N1. At the 
45 time, the floating capacitance connected to the node N2 
such as the anode-cathode capacitance CP5 of the di- 
ode D1 and the recovering coil L generate LC reso- 
nance, and at the instant the potential at the node N2 
rises while ringing, high frequency LC resonance is gen- 
so erated. 

[0115] At the time, the diode D1 is in a reverse bias, 
off state, while the transistor Q3 is in an on state. There- 
fore, high frequency current is let to flow from the node 
N2 to the node N3 through the line L5 and the anode- 
55 cathode capacitance CP5 of the diode D1. Therefore, 
high frequency LC resonance by the anode-cathode ca- 
pacitance CP5 of the diode D1 and the inductance com- 
ponent of the line L5 is generated and a resultant high 
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frequency electromagnetic wave is radiated. 
[0116] At time t3, as the power recovering period at 
the rising of the sustain pulse Psu is over, the control 
signal S1 attains a high level, which turns on the tran- 
sistor Q1 and the voltage Vsus at the power supply ter- 5 
minal V1 is applied to the node N2, the control signal S4 
attains a high level, which turns on the transistor Q4 and 
LC resonance is generated at the instant the potential 
at the node N2 falls from Vsus to about Vsus/2, i.e., the 
potential level at the node N3. 

[0117] At the time, high frequency current is let to flow 
from the node N3 to the node N2 through the drain- 
source capacitance CP3 of the transistor Q3, the anode- 
cathode capacitance CPS of the diode D1 and the line 
L5. Therefore, the anode-cathode capacitance CPS of 
the diode D1 and the inductance component of the line 
L5 generate high frequency LC resonance and a result- 
ant high frequency electromagnetic wave is radiated. 
[01 1 8] However, according to the embodiment, since 
the capacitor C5 is connected in parallel to the diode 
D1, the capacitance contributing to the LC resonance 
by the anode-cathode capacitance CPS of the diode D1 
and the inductance component of the line L5 is produced 
by adding the anode-cathode capacitance CPS of the 
diode D1 and the capacitor C5, and therefore the reso- 
nance frequency is lower than the resonance frequency 
only by the anode-cathode capacitance CPS. More spe- 
cifically, the capacitance of the capacitor C5 is set so 
that the resonance frequency of the LC resonance is 
less than 30MHz, and unwanted electromagnetic wave 
radiation at 30MHz or higher is suppressed. 
[0119] The LC resonance by the anode-cathode ca- 
pacitance CP6 of the diode D2 and the inductance com- 
ponent of the line L6 is generated when the diode D2 is 
in an off state and there is an abrupt voltage change at 
the anode-cathode region of the diode D2. More specif- 
ically, the LC resonance is generated by the anode-cath- 
ode capacitance CP6 and the inductance component of 
the line L6 at time t1 and t4 in Fig. 7. 
[0120] At time t1 , the control signal S3 attains a high 
level, which turns on the transistor Q3, and at the instant 
the potential at the node N2 rises from OV to about Vsus/ 
2, i.e., the voltage level at the node N3, the LC reso- 
nance is generated. At the time, high frequency current 
is let to flow from the node N2 to the node N3 through 
the line L6, the anode-cathode capacitance CP6 of the 
diode D2 and the drain-source capacitance CP4 of the 
transistor Q4. Therefore, the anode-cathode capaci- 
tance CP6 of the diode D2 and the inductance compo- 
nent of the line L6 generate high frequency LC reso- 
nance, and a resultant high frequency electromagnetic 
wave is radiated. 

[0121] At time t4, as the power recovering period at 
the falling of the sustain pulse Psu is over, and the di- 
rection of the current flow through the recovering coil L 
is reversed toward the node N1 from the direction to- 
ward node N2, the diode D2 is turned off, thus cutting 
off the current path and the potential at the node N2 



abruptly drops to the potential level at the node N1. At 
the time, the floating capacitance connected to the node 
N2 such as the anode-cathode capacitance CP6 of the 
diode D2 and the recovering coil L generate LC reso- 
nance, and high frequency LC resonance is generated 
at the instant the potential at the node N2 drops while 
ringing. 

[0122] At the time, the diode D2 is in a reverse bias, 
off state, while the transistor Q4 is in an on state, and 
therefore high frequency current is let to flow from the 
node N3 to the node N2 through the anode-cathode ca- 
pacitance CP6 of the diode D2 and the line L6. There- 
fore, high frequency LC resonance is generated by the 
anode-cathode capacitance CP6 of the diode D2 and 
the inductance component of the line L6 and a resultant 
high frequency electromagnetic wave is radiated. 
[0123] According to the embodiment, however, the 
capacitor C6 is connected in parallel to the diode D2 and 
therefore the capacitance contributing to the LC reso- 
nance by the anode-cathode capacitance CP6 of the di- 
ode D2 and the inductance component of the line L6 is 
produced by adding the anode-cathode capacitance 
CP6 of the diode D2 and the capacitor C6. Therefore, 
the resonance frequency is lower than that only by the 
anode-cathode capacitance CP6. More specifically, the 
capacitance of the capacitor C6 is set so that the reso- 
nance frequency of the LC resonance is less than 
30MHz, and unwanted electromagnetic wave radiation 
at 30MHz or higher is suppressed. 
[01 24] As described above, also according to the em- 
bodiment, the capacitors C5 and C6 are connected in 
parallel to the anode-cathode regions of the diodes D1 
and D2, respectively and therefore the resonance fre- 
quency of LC resonance generated by the inductance 
components of the lines L5 and L6 and the anode-cath- 
ode capacitances CPS and CP6 of the diodes D1 and 
D2 can be shifted to a low frequency level less than 
30MHz. As a result, high frequency electromagnetic 
wave radiation at 30MHz or higher can be suppressed. 
[0125] Fig. 9 is a circuit diagram showing the config- 
uration of a sustain driver according to a fourth embod- 
iment of the present invention. 

[0126] The sustain driver 4c in Fig. 9 is different from 
the sustain driver 4 in Fig. 3 in that the capacitors C1 
and C2 are not provided, that a diode D3 and a capacitor 
C7 are additionally provided between the power supply 
terminal V1 and the node N2, and that a diode D4 and 
a capacitor C8 are additionally provided between the 
node N2 and the ground terminal. The other part is the 
same as that of the sustain driver 4 shown in Fig. 3 and 
therefore the same portions are denoted by the same 
reference characters and not detailed. 
[0127] As shown in Fig. 9, the diode D3 has its cath- 
ode connected to the power supply terminal V1 and its 
anode connected to the node N2 through the line L7. 
The diode D3 has an anode-cathode capacitance CP7 
as a parasitic capacitance, and the capacitor C7 is con- 
nected in parallel to the anode-cathode region of the di- 
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ode D3. 

[01 28] The diode D4 has its cathode connected to the 
node N2 through the line L8 and its anode connected to 
the ground terminal. The diode D4 has an anode-cath- 
ode capacitance CP8 as a parasitic capacitance, and 
the capacitor C8 is connected in parallel to the anode- 
cathode region of the diode D4. 
[0129] The diodes D3 and D4 are additionally provid- 
ed to serve as a current clip, and protect the transistors 
Q3 and Q4 against voltage higher than the breakdown 
voltage of these transistors if they have low breakdown 
voltage. Therefore, the diode D3 is usually in an off 
state, and turns on only when the potential at the node 
N2 exceeds Vsus, while the diode D4 is usually in an off 
state and turns on only when the potential at the node 
N2 is lower than 0V. therefore, the potential at the node 
N2 is clipped at a level in the range from OV to Vsus. 
[0130] According to the embodiment, the diodes D3 
and D4 correspond to the electrical circuit and the pro- 
tection circuit, the lines L7 and L8 to the interconnection 
portion, the capacitors C7 and C8 to the frequency re- 
ducing circuit, the power supply terminal V1 and the 
ground terminal to the voltage source, the recovering 
coil L to the inductance element, the recovering capac- 
itor Cr to the recovering capacitive element, the transis- 
tors Q3 and Q4 and the diodes D1 and D2 to the con- 
nection circuit, the diodes D3 and D4 to the one-way 
conductive element, and the capacitors C7 and C8 to 
the capacitive element 

[0131] The operation of the sustain driver 4c having 
the above-described configuration during a sustain pe- 
riod will be now described. Fig. 1 0 is a timing chart for 
use in illustration of the operation of the sustain driver 
4c shown in Fig. 9 during a sustain period. Fig. 1 0 shows 
control signals S1 to S4 input to the transistors Q1 to 
Q4, and voltages at the nodes N1 to N3. Note that the 
sustain driver 4c in Fig. 9 operates basically similarly to 
the sustain drivers 4 and 4c shown in Figs. 3 and 6, re- 
spectively and therefore, only different features such as 
the mechanism of how LC resonance is generated will 
be described in detail. 

[0132] LC resonance by the anode-cathode capaci- 
tance CP7 of the diode D3 and the inductance compo- 
nent of the line L7 is generated when the diode D3 is in 
an off state and there is an abrupt voltage change at the 
anode-cathode region of the diode D3. Here, since the 
potential on the cathode side of the diode D3 is fixed at 
the level of Vsus by the power supply terminal V1 , the 
anode-cathode voltage of the diode D3 changes in all 
the timings in that the potential at the node N2 changes. 
[0133] More specifically, as shown in Fig. 10, the an- 
ode-cathode voltage of the diode D3 changes at the in- 
stant the transistor Q3 turns on, and the potential at the 
node N2 rises from 0V to about the level of Vsus/2, i.e., 
at time t1 , at the instant the power recovering period at 
the rising is over and the potential at the node N2 rises 
toward the level of Vsus, i.e., at time t2, at the instant 
the transistor Q4 turns on and the potential at the node 



N2 is reduced from the level of Vsus to about Vsus/2, i. 
e., at time t3 and at the instant the power recovering 
period at the falling is over and the potential at the node 
N2 is reduced toward 0V, i.e., at time t4. At the time, high 

5 frequency current is passed across the anode-cathode 
capacitance CP7, the anode-cathode capacitance CP7 
of the diode D3 and the inductance component of the 
line L7 generate high frequency LC resonance, and a 
resultant high frequency electromagnetic wave is radi- 

10 ated. 

[0134] However, according to the embodiment, since 
the capacitor C7 is connected in parallel to the diode 
D3, the capacitance contributing to the LC resonance 
by the anode-cathode capacitance CP7 of the diode D3 

15 and the inductance component of the line L7 is produced 
by adding the anode-cathode capacitance CP7 of the 
diode D3 and the capacitor C7, and therefore the reso- 
nance frequency is lower than the resonance frequency 
only by the anode-cathode capacitance CP7. More spe- 

20 cifically, the capacitance of the capacitor C7 is set so 
that the resonance frequency of the LC resonance is 
less than 30MHz and unwanted electromagnetic wave 
radiation at 30MHz or higher is suppressed. 
[0135] LC resonance by the anode-cathode capaci- 

25 tance CP8 of the diode D4 and the inductance compo- 
nent of the line L8 is generated when the diode D4 is in 
an off state and there is an abrupt voltage change at the 
anode-cathode region of the diode D4. Here, the poten- 
tial on the anode side of the diode D4 is fixed at the level 

30 of 0V by the ground terminal, and therefore the voltage 
across the anode-cathode region of the diode D3 chang- 
es in all the timings in that the potential at the node N2 
changes. 

[0136] As a result, similarly to the diode D3, the an- 
35 ode-cathode voltage of the diode D4 changes in each 
of the timings t1 to t4 described above. At the time, high 
frequency current is passed across the anode-cathode 
capacitance CP8, high frequency LC resonance is gen- 
erated by the anode-cathode capacitance CP8 of the 
40 diode D4 and the inductance component of the line L8 
and a resultant high frequency electromagnetic wave is 
radiated. 

[0137] However, according to the embodiment, since 
the capacitor C8 is connected in parallel to the diode 

45 D4, the capacitance contributing to the LC resonance 
by the anode-cathode capacitance CP8 of the diode D4 
and the inductance component of the line L8 is produced 
by adding the anode-cathode capacitance CP8 of the 
diode D4 and the capacitor C8. Therefore, the reso- 

50 nance frequency is lower than the resonance frequency 
only by the anode-cathode capacitance CP8. More spe- 
cifically, the capacitance of the capacitor C8 is set so 
that the resonance frequency of the LC resonance is 
less than 30MHz and unwanted electromagnetic wave 

55 radiation at 30MHz or higher is suppressed. 

[0138] As described above, also according to the em- 
bodiment, since the capacitors C7 and C8 are connect- 
ed in parallel to the anode-cathode regions of the diodes 
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D3 and D4, the resonance frequency of the LC reso- 
nance generated by the inductance components of the 
lines 17 and L8 and the capacitances CP7 and CP8 of 
the diodes D3 and D4 may be shifted to a low frequency 
level less than 30MHz. As a result, high frequency elec- 5 
tromagnetic wave radiation at 30MHz or higher can be 
suppressed. 

[01 39] Fig. 1 1 is a circuit diagram showing the config- 
uration of a sustain driver according to a fifth embodi- 
ment of the invention. 10 
[01 40] The sustain driver 4d in Fig. 11 is different from 
the sustain driver 4 in Fig. 3 in that diodes D3 and D4 
and capacitors C5 to C8 are additionally provided simi- 
larly to the sustain drivers 4b and 4c shown in Figs. 8 
and 9, respectively, and the other part is the same as 15 
that of the sustain driver 4 shown in Fig. 3. Therefore, 
the same portions are denoted by the same reference 
characters and are not detailed. 
[0141] According to the embodiment, similarly to the 
first, third and fourth embodiments, the capacitors C1 2C > 
and C2, C5 to C8 are connected in parallel to the tran- 
sistors Q1 and Q2 and diodes D1 to D4, respectively 
and therefore, the effects of the first, third and fourth em- 
bodiments can be provided, and the resonance frequen- 
cy of each LC resonance can be shifted to a low fre- 25 
quency level less than 30MHz, so that high frequency 
electromagnetic wave radiation at 30MHz or higher can 
be suppressed. Note that the above embodiments may 
be combined in various manners rather than being lim- 
ited to the above, and the various combinations may 30 
provide the same effects by the embodiments. 
[0142] Note that in the above description, the sustain 
drivers are described as the driving circuit by way of il- 
lustration, while the present invention may similarly be 
applied to scan drivers, and the same effects result. 35 
[01 43] The present invention may be applied to a scan 
driver 3 shown in Fig. 1 for example in thefollowing man- 
ner. 

[01 44] Fig. 1 2 is a circuit diagram showing the config- 
uration of a scan driver according to a sixth embodiment 40 
of the present invention. 

[0145] The scan driver 3 in Fig. 12 is different from the 
sustain driver 4 in Fig. 3 in that an initialization circuit 
includingtransistorsQ31 to Q36, capacitors C31 to C34, 
resistors R31 and R32, power supplies Vc1 and Vc2, 45 
and a power supply terminal V31 is additionally provided 
and protection diodes D3 to D5 are additionally provided 
as well. The other part is the same as that of the sustain 
driver4 shown in Fig. 3, and thereforethe same portions 
are denoted by the same reference characters and are so 
not detailed. 

[01 46] As shown in Fig. 1 2, the transistor Q31 has one 
end connected to the power supply terminal V31 , the 
other end connected to the node N1 through a line L31 , 
and its gate connected to the node N31 . The transistor 55 
Q31 has a drain-source capacitance CP31 as a parasitic 
capacitance, and the capacitor C31 is connected in par- 
allel to the drain-source region of the transistor Q31 . The 



capacitor C33 is connected between the power supply 
terminal V31 and the node N31 . The power supply ter- 
minal V31 is provided with a setup voltage Vset. 
[0147] The transistor Q33 has one end connected to 
the nodeNI through the power supply Vc1 and the other 
end connected to one end of the resistor R31 , and re- 
ceives a control signal S31 as an input at its gate. The 
resistor R31 has the other end connected to the node 
N31 . The transistor Q35 has one end connected to the 
node N31 and the other end connected to the node N1 
and receives the control signal S31 as an input at its 
gate. 

[01 48] The transistor Q32 has one end connected to 
the ground terminal, the other end connected to the 
node N1 through a line L32, and its gate connected to 
the node N32. The transistor Q32 has a drain-source 
capacitance CP32 as a parasitic capacitance, and the 
capacitor C32 is connected in parallel to the drain- 
source region of the transistor Q32. The capacitor C34 
is connected between the nodes N1 and N32. 
[0149] The transistor Q34 has one end connected to 
the ground terminal through the power supply Vc2, the 
other end connected to one end of the resistor R32, and 
receives a control signal S32 as an input at its gate. The 
other end of the resistor R32 is connected to the node 
N32. The transistor Q36 has one end connected to the 
node N32 and the other end connected to the ground 
terminal, and receives the control signal S32 as an input 
at its gate, The protection diodes D3 to D5 are connect- 
ed between the connection node of the diode D5 and* 
the transistor Q1 and the node N2, between the node 
N2 and the ground terminal, and between the power 
supply terminal V1 and the transistor Q1 . 
[0150] According to the embodiment, the transistors 
Q31 and Q32 correspond to the electrical circuit, the 
switching circuit and the initialization pulse switching cir- 
cuit, the lines L31 and L32 to the interconnection portion, 
the capacitors C31 and C32 to the frequency reducing 
circuit, and the power supply terminal V31 and the 
ground terminal to the voltage source. The transistor 
Q31 corresponds to the first switching element, the tran- 
sistor Q32 to the second switching element, the line L31 
to the first interconnection portion, the line L32 to the 
second interconnection portion, the capacitor C31 to the 
first capacitive element, the capacitor C32 to the second 
capacitive element, the power supply terminal V31 to 
the first voltage source, and the ground terminal to the 
second voltage source. 

[01 51 ] The operation of the initialization circuit having 
the above-described configuration will be now de- 
scribed. The operation of the scan driver 3 during a sus- 
tain period is similar to that shown in Fig. 10. 
[0152] When the potential of the initialization pulse 
Pset is at the level of 0V, the transistors Q31 and Q32 
are both in an off state. More specifically, the control sig- 
nals S31 and S32 both attain a high level, the transistors 
Q35 and Q36 turn on, the gate-source voltages of the 
transistors Q31 and Q32 are both at 0V and the transis- 
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tors Q31 and Q32 are both in an off state. 
[01 53] Then , when the control signal S31 attains a low 
level, the transistor Q35 turns off, and the gate of the 
transistor Q31 is disconnected from the node N1 . At the 
time, thetransistorQ33turnson, current from the power 
supply terminal V31 comes into the gate of the transistor 
Q31 with a time constant determined by the capacitor 
C33 and the resistor R31 , which causes the potential at 
the gate of the transistor Q31 to start to rise, 
[01 54] In this state, when the voltage at the node N31 
reaches a level which allows the transistor Q31 to turn 
on, the transistor Q31 turns on, and the source potential 
of the transistor Q31 , i.e., the potential at the node N1 
starts to gradually rise. As the potential at the node N1 
rises, the potential at the power supply Vc1 is raised ac- 
cordingly, so that the transistor Q33 continues to be in 
an on state. As a result, the potential at the node N1 is 
equal to the setup voltage Vset of the power supply ter- 
minal V31 and saturated. 

[0155] Then, when the control signal S31 is again 
pulled to a high level, the transistor Q35 turns on, the 
gate potential of the transistor Q31 immediately be- 
comes equal to the source potential, which turns off the 
transistor Q31. Immediately after the operation, when 
the control signal S32 is pulled to a low level, then the 
transistor Q36 turns off and the transistor Q34 turns on, 
so that the potential at the gate of the transistor Q32 
starts to rise with a time constant determined by the re- 
sistor R32 and capacitor C32. 

[0156] In this state, when the potential at the gate of 
the transistor Q32 rises to a prescribed potential, the 
transistor Q32 starts to turn on, therefore charges accu- 
mulated at the node N1 are gradually discharged 
through the transistor Q32, and the voltage at the node 
N1 eventually falls to the level of 0V. 
[0157] By the above operation, as shown in Fig. 2, a 
triangular initialization pulse Pset which rises from OVto 
the voltage Vset in a ramp waveform, and then falls from 
Vset to 0V in a ramp waveform is output during an ini- 
tialization period. 

[0158] Thus, the transistors Q31 and Q32 are used to 
generate the initialization pulse Pset during the initiali- 
zation period, the panel capacitance Cp is connected to 
the node N1 in a current supply path for current flow for 
charging/discharging the capacitance Cp, and is usually 
in an off state other than during the initialization period. 
As a result, the drain-source capacitances CP31 and 
CP32 of the transistors Q31 and Q32 are connected to 
the node N1 as loads. 

[0159] Here, since the potential at each one end of 
the transistors Q31 and Q32 is fixed, in other words the 
potential is fixed at the level of voltage Vset or the 
ground potential, a change in the potential at the node 
N1 causes high frequency current to be passed across 
the drain-source capacitances CP31 and CP32. In par- 
ticular high frequency current is passed at the instant 
the sustain pulse Psc is clamped to Vsus from the power 
recovering period at the rising, i.e., immediately after 



time t2, and at the instant the sustain pulse Psc is 
clamped to the ground potential from the power recov- 
ering period at the failing, i.e., immediately after time t4. 
Therefore, high frequency LC resonance is generated 
5 by the drain-source capacitances CP31 and CP32 of the 
transistors Q31 and Q32 and the lines L31 and L32, and 
a resultant high frequency electromagnetic wave is ra- 
diated. However, according to the embodiment, since 
capacitors C31 and C32 are connected in parallel to the 
io transistors Q31 and Q32, respectively, the capacitance 
contributing to the LC resonance by the drain-source ca- 
pacitances CP31 and CP32 of the transistors Q31 and 
Q32 and the inductance components of lines L31 and 
L32 is produced by adding the drain-source capacitanc- 
es es CP31 and CP32 of the transistors Q31 and Q32 and 
the capacitors C31 and C32, and therefore the reso- 
nance frequency is lowerthan the resonance frequency 
only by the drain-source capacitances CP31 and CP32. 
More specifically, the capacitances of the capacitors 
C31 and C32 are set so that the resonance frequency 
of the LC resonance is less than 30MHz, and unwanted 
electromagnetic wave radiation at 30MHz or higher is 
suppressed. 

[0160] As described above, also according to the em- 
bodiment, since capacitors C31 and C32 are connected 
in parallel to the drain-source regions of the transistors 
Q31 and Q32, respectively, the resonance frequency of 
the LC resonance by the inductance components of the 
lines L31 and L32 and the drain-source capacitances 
CP31 and CP32 of the transistors Q31 and Q32 can be 
shifted to a low frequency level less than 30MHz. There- 
fore, high frequency electromagnetic wave radiation at 
30MHz or higher can be suppressed. 



Claims 

1 . A driving circuit outputting a driving pulse to drive a 
capacitive load, comprising: 

an electrical circuit connected to a pulse supply 
path for supplying said driving pulse to said ca- 
pacitive load; 

an interconnection portion connected to said 
electrical circuit; and 

a frequency reducing circuit for reducing the 
resonance frequency of LC resonance by the 
parasitic capacitance of said electrical circuit 
and the inductance component of said intercon- 
nection portion. 

2. The driving circuit according to claim 1 , wherein 

said electrical circuit comprises a switching 
circuit for applying said driving pulse to said capac- 
itive load. 

3. The driving circuit according to claim 2, wherein 
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said capacitive load comprises a discharge cell 
having a plurality of electrodes, and 
said switching circuit comprises a sustain pulse 
switching circuit for applying a sustain pulse to 
said capacitive load during a sustain period for 
lighting said discharge cell. 

4. The driving circuit according to claim 2, wherein 

said capacitive load comprises a discharge cell 
having a plurality of electrodes, and 
said switching circuit comprises an initialization 
pulse switching circuit for applying an initializa- 
tion pulse to said capacitive load during an ini- 
tialization period for adjusting wall charges at 
said electrodes of said discharge cell. 



10 



a first switching element having one end 
connected to said first voltage source; and 
a second switching element having one 
end connected to said second voltage 
source, 

said interconnection portion comprises: 

a first interconnection portion having one 
end connected to the other end of said first 
switching element; and 
a second interconnection portion having 
one end connected to the other end of said 
second switching element and the other 
end connected to the other end of said first 
interconnection portion, 



5. The driving circuit according to claim 2, wherein 

said switching circuit comprises a field effect 
transistor. 20 

6. The driving circuit according to claim 1 , wherein 

said electrical circuit comprises a protection 
circuit for preventing an overvoltage from being ap- 
plied to other electrical elements. 25 

7. The driving circuit according to claim 6, wherein 
said protection circuit comprises a diode. 

8. The driving circuit according to claim 1, wherein so 
said frequency reducing circuit reduces the reso- 
nance frequency of said LC resonance to a level 
less than 30MHz. 

9. The driving circuit according to claim 1 , wherein 35 

said frequency reducing circuit comprises a 
capacitive element connected in parallel to said 
electrical circuit. 

10. The driving circuit according to claim 2, further com- 40 
prising a voltage source for supplying a prescribed 
voltage, 

said switching circuit having one end connect- 
ed to said voltage source and the other end con- 
nected to said interconnection portion. 45 

11. The driving circuit according to claim 10, wherein 



said frequency reducing circuit comprises: 

a first capacitive element connected in par- 
allel to said first switching element; and 
a second capacitive element connected in 
parallel to said second switching element. 

12. The driving circuit according to claim 2, further com- 
prising: 

an inductance element having one end con- 
nected to said capacitive load; and 
a recovering capacitive element for recovering 
charges from said capacitive load, 
said switching circuit comprising: 

a one-way conductive element having one 
end connected to the other end of said in- 
ductance element; and 
a switching element having one end con- 
nected to the other end of said one-way 
conductive element, 

said interconnection portion having one 
end connected to the other end of said 
switching element and the other end con- 
nected to one end of said recovering ca- 
pacitive element, 

said frequency reducing circuit comprising 
a capacitive element connected in parallel 
to said switching element. 



said voltage source comprises: 

50 

a first voltage source for supplying a first 
voltage for causing said driving pulse to 
rise; and 

a second voltage source for supplying a 
second voltage lowerthan said first voltage 55 
for causing said driving pulse to fall, 

said switching circuit comprises: 



13. The driving circuit according to claim 2, further com- 
prising: 

an inductance element having one end con- 
nected to said capacitive load; and 
a recovering capacitive element for recovering 
charges from said capacitive load, 
said switching circuit comprising: 

a switching element having one end con- 
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a voltage source for supplying a prescribed 
voltage; 

an inductance element having one end con- 
nected to said capacitive load; 
a recovering capacitive element for recovering 
charges from said capacitive load; and 
a connection circuit for connecting said recov- 
ering capacitive element and said inductance 
element, 

said protection circuit comprising a one-way 
conductive element having one end connected 
to said voltage source and the other end con- 
nected to one end of said connection circuit on 
the inductance element side, 
said frequency reducing circuit comprising a 
capacitive element connected in parallel to said 
one-way conductive element. 

15. A display device, comprising: 

a display panel including a plurality of capaci- 
tive loads composed of a plurality of electrodes; 
and 

a driving circuit outputting a driving pulse to 
drive said capacitive load in said display panel, 
said driving circuit comprising: 

an electrical circuit connected to a pulse 
supply path for supplying said driving pulse 
to said capacitive load; 
an interconnection portion connected to 
said electrical circuit; and 
a frequency reducing circuit for reducing 
the resonance frequency of LC resonance 
by the parasitic capacitance of said electri- 
cal circuit and the inductance component 
of said interconnection portion. 

16. The display device according to claim 15, wherein 

said electrical circuit comprises a switching 
circuit for applying said driving pulse to said capac- 



itive load. 

17. The display device according to claim 16, wherein 

said capacitive load comprises a discharge cell 
composed of said plurality of electrodes, and 
said switching circuit comprises a sustain pulse 
switching circuit for applying a sustain pulse to 
said capacitive load during a sustain period for 
lighting said discharge cell. 

18. The display device according to claim 16, wherein 

said capacitive load comprises a discharge cell 
composed of said plurality of electrodes, and 
said switching circuit comprises an initialization 
pulse switching circuit for applying an initializa- 
tion pulse to said capacitive load during an ini- 
tialization period for adjusting wall charges at 
said electrodes of said discharge cell. 

19. The display device according to claim 15, wherein 
said electrical circuit comprises a protection 

circuit for preventing an overvoltage from being ap- 
25 plied to other electrical elements. 

20. The display device according to claim 15, wherein 

said frequency reducing circuit reduces the 
resonance frequency of said LC resonance to a lev- 
30 el less than 30MHz. 
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nected to one end of said recovering ca- 
pacitive element; and 
a one-way conductive element having one 
end connected to the other end of said 
switching element, 5 
said interconnection portion having one 
end connected to the other end of said one- 
way conductive element and the other end 
connected to the other end of said induct- 
ance element, 10 
said frequency reducing circuit comprising 
a capacitive element connected in parallel 
to said one-way conductive element. 

14. The driving circuit according to claim 6, further com- 15 
prising: 
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FIG. 10 
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FIG. 13 
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FIG. 14 
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